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Abstract: The aim of the present study was to investigate the effect of nitrate pulse feeding on the cell growth and cell 
composition of Desmodesmus sp. F51. Under nitrate pulse-feeding cultivation, the protein content of cells of Desmodesmus 
sp. F51 decreased from (560 ± 16) mg/g to (456 ± 17) mg/g, while the contents of carbohydrate and lipid increased from 
(209 ± 13) mg/g to (310 ± 12) mg/g and (98 ± 3) mg/g to (120 ± 4) mg/g, respectively. By investigating the changes in 
carotenoid, lipid and carbohydrate compositions, it appeared that nitrate pulse feeding could promote β-carotene biosynthesis 
and enhance the bioconversion of α-carotene to lutein. Lutein accumulation was positively associated with polyunsaturated 
fatty acid formation. Desmodesmus sp. F51 tended to accumulate carbohydrate as an energy storage product after 3 days 
of cultivation under nitrate pulse-feeding conditions, and the major accumulated monosaccharide was glucose (75.7 ± 
1.4)%. Therefore, the nitrate-pulse feeding strategy is a highly promising approach to simultaneously produce lutein and 
carbohydrate in Desmodesmus sp. F51.
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法。待测藻液6 000 r/min离心2 min，倒去上清液，用等
量去离子水清洗2 次后，藻体冷冻干燥。准确称取10 mg
干藻体，置于2 mL离心管中，加入1 mL 60% KOH溶液和








8 mL 90%丙酮和0.5 g研磨珠，使用破碎仪破碎7 min。
将处理后的样品6 000 r/min离心2 min，所得上清液经
90%丙酮适当稀释后，使用紫外分光光度计分别测定
OD665 nm、OD645 nm和OD630 nm值。藻体中叶绿素a、b、c的
质量浓度（ρ）分别按公式（3）～（5）计算。
ρa?11.6?OD665 nm?1.31?OD645 nm?0.14?OD630 nm （3）
ρb?20.70?OD645 nm?4.34?OD665 nm?4.42?OD630 nm （4）
ρc?55.00?OD630 nm?4.64?OD665 nm?16.30?OD645 nm （5）
1.3.8 油脂含量及脂肪酸组成的测定
油脂含量及脂肪酸组成测定按H o等 [ 3 ]的方法。
准确称取4 0  m g干藻体置于1 5  m L离心管中，加入
8 mL 0.5 mol/L 的氢氧化钾/乙醇溶液，混匀，使用破碎
仪破碎7 min。将破碎处理后的样品置于100 ℃水浴条件
下皂化15 min，冷却至室温。然后，加入8 mL 0.7 mol/L
的盐酸-甲醇溶液和10 mL 14%三氟化硼的甲醇溶液，混
匀，于100 ℃水浴条件下酯化反应15 min，冷却后加入







1 mL 72% H2SO4溶液和0.5 g研磨珠，使用破碎仪破碎
7 min后，在30 ℃条件下水浴1 h。将混合液转移至50 mL
离心管中，再加入17 mL蒸馏水稀释至4% H2SO4，在
121 ℃条件下灭菌20 min。混合液在6 000 r/min离心
2 min，采用苯酚-硫酸法测定上清液中碳水化合物含量。
取5 mL上清液，加入0.5 g碳酸钙中和溶液中的硫酸，之
后8 000 r/min离心5 min，最后使用0.22 μm醋酸纤维滤膜
过滤后，用高效液相色谱测定碳水化合物组成。
2 结果与分析
2.1 Desmodesmus sp. F51细胞组成随流加培养时间的变
化趋势























1 000????/d ??????? /? mg/g????/ ?g/L ? ??? /? mmol/L?
????????????? ?????????????
图 1 Desmodesmus sp. F51细胞生长、氮源消耗及细胞组成随脉冲式
添加氮源培养时间的变化趋势
Fig. 1 Time-course profiles of biomass concentration, nitrate 
concentration and biomolecule composition of Desmodesmus sp. F51 
under nitrate pulse-feeding cultivation







表 1 脉冲式添加氮源培养对Desmodesmus sp. F51细胞元素含量的影响
Table 1 Effect of nitrate pulse feeding on cellular elemental 




N C S H
0 8.70±0.08 47.27±0.20 1.76±0.06 9.31±0.09
1 7.99±0.12 45.83±0.15 1.20±0.03 9.99±0.12
2 7.95±0.11 46.35±0.13 0.74±0.12 12.44±0.15



























































图 2 脉冲式添加氮源培养对Desmodesmus sp. F51类胡萝卜素含量及
其组成的影响
Fig. 2 Effect of nitrate pulse feeding on carotenoids content and 
composition of Desmodesmus sp. F51?????????b???c???a ??????
/?
m
g/g?????/d????/% 0 1 2 3020406080100 01020304050
图 3 脉冲式添加氮源培养对Desmodesmus sp. F51叶绿素含量及其 
组成的影响
Fig. 3 Effect of nitrate pulse feeding on chlorophylls content and 
























2.5 ??? C22:1C22:0C20:2C18:3C18:2C18:1C18:0C16:1C16:0?????/ ?mg/g ? 0 d1 d2 d3 dC14:0
图 4 脉冲式添加氮源培养对Desmodesmus sp. F51细胞 
脂肪酸组成的影响
Fig. 4 Effect of nitrate pulse feeding on fatty acid composition of 
Desmodesmus sp. F51
如图4所示，在藻株F51的脂肪酸组成中，棕榈酸

































2.4 脉冲式添加氮源培养对Desmodesmus sp. F51细胞
碳水化合物组成的影响
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图 5 脉冲式添加氮源培养对Desmodesmus sp. F51细胞碳水化合物含
量及其组成的影响
Fig. 5 Effect of nitrate pulse feeding on carbohydrate content and 
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2.5 脉冲式添加氮源培养对Desmodesmus sp. F51生物
量产率、叶黄素产率、油脂产率和碳水化物产率的影响
表 2 脉冲式添加氮源培养对Desmodesmus sp. F51的生物量产率、 
叶黄素产率、油脂产率和碳水化合物产率的影响
Table 2 Effect of nitrate pulse feeding on biomass, lutein, carbohydrate 











0 742 2.93 155 72.7
1 729 3.42 161 79.8
2 706 3.56 204 78.3












表 3 光自养条件下Desmodesmus sp. F51的生物量产率、叶黄素产率、
油脂产率和碳水化合物产率与文献结果的比较
Table 3 Comparison of biomass, lutein, carbohydrate and lipid 
productivity of Desmodesmus sp. F51 with those of other microalgal 











Chlorella vulgaris P12 485 ND 199 ND [33]
S. obliquus CNW-N 626.6 ND 310.3 140.4 [3]
Chlorella zofingiensis 200 ND 185.1 15.5 [32]
Desmodesmus sp. F51 226 ND 96 80 [2]
Desmodesmus sp. F2 213 ND 80 113 [2]
Chlorella vulgaris 1803 131 0.51 ND 11.12 [14]
Chlorella zofingiensis B 32 122 0.53 ND 10.95 [14]
Chlorella minutissima 670 4.32 ND 142.2 [12]
Desmodesmus sp. F51 706 3.56 204 78.3 本研究
注：ND.未注明。
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